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In many tropical countries, smallholder farmers are highly vulnerable to cyclones and experience sig-
niﬁcant crop losses, food insecurity and income loss when cyclones hit. Madagascar has one of the
highest rates of cyclones globally and a population comprised primarily of smallholder farmers, yet there
is little information on how Malagasy smallholder farmers prepare for and cope with the cyclones. We
conducted interviews with 200 Malagasy smallholder farmers following the impacts of cyclone Giovanna
(a category 4 cyclone that struck in February 2012) to understand how farmers prepared for the cyclone,
how the cyclone impacted their livelihoods and what strategies farmers used to deal with these impacts.
Most farmers prepared for the cyclone by storing clean water; some also secured their buildings and
stored food and seeds. Cyclone Giovanna caused substantial damage to crops, stored grains and houses,
and signiﬁcantly reduced farmer food security. Farmers coped with the cyclone by replanting crop ﬁelds,
rebuilding homes with local materials, reducing consumption of staple foods, harvesting wild foods and
ﬁnding temporary work to buy food. Informal social networks were critical for providing food and re-
building houses. There is an urgent need for governments, donors, and development organizations to
reduce the vulnerability of Malagasy smallholder farmers to cyclones by improving early warning sys-
tems, increasing farmer preparedness for cyclones, creating formal safety nets to help farmers access
food and essential supplies following cyclones, and promoting the use of adaptation measures to en-
hance the resiliency of smallholder farmers to future climate shocks.
& 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
Tropical cyclones are known to have signiﬁcant global impacts
on human health, livelihoods and economic activity. It is estimated
that 35% of the world's population is affected by cyclones [22] and
that cyclones affected 466 million people from 1980 to 2009 [14].r Ltd. This is an open access article
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haven, Aberdeenshire AB39 3TH, UIn addition to the immediate impacts on human health, livelihoods
and local economies, severe cyclones often set back a country's
development by several decades [22], as seen in Honduras after
the impacts of hurricane Mitch [1].
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originate in the Indian Ocean and the Mozambique Channel and
hit Madagascar during the cyclone season from November to
April [15,26,47,52]. The high winds, excessive rainfall and asso-
ciated ﬂooding from cyclones have devastating impacts on both
the national economy and local livelihoods [19,22,33]. Cyclones
damage infrastructure, ﬂood agricultural areas, destroy crops, in-
jure cattle, threaten food security, contaminate water supplies,
increase the incidence of water-borne diseases, and cause human
injuries and sometimes deaths [11,42]. The associated economic
and humanitarian costs of natural disasters in Madagascar are
enormous: it is estimated that ﬂoods, drought and cyclones have
affected more than 11 million people in Madagascar in the last 35
years and resulted in roughly 1 billion US dollars of damage
[47,51]. Across Madagascar, about ﬁve million people (or 25% of
the entire population) are estimated to be vulnerable to natural
disasters such as cyclones, droughts and ﬂooding [48]. The fre-
quent occurrence of cyclones is also a major contributor to the
country's extremely high levels of poverty and food in-
security [11,48]. Climate models project that Madagascar is likely
to have fewer but more intense cyclones in the future due to cli-
mate change [26,45], which means that ﬁnding ways to reduce the
vulnerability of the Malagasy population to these cyclones will
become even more critical in the near future.
While cyclones affect all sectors of society, the most vulnerable
communities are usually those that are poor, marginalized, and
without access to formal safety nets [6,12,20,32]. Studies from other
countries that are regularly affected by cyclones, such as Bangladesh
(e.g., [2,49]), India [3,4], Mozambique [34] and Indonesia [10],
among others, have highlighted that smallholder farmers are par-
ticularly vulnerable to cyclones. Smallholder farmers (generally
deﬁned as those having less than 2 ha of land; [46]) are vulnerable
to climate shocks due to their dependence on rain-fed agriculture,
limited areas of arable land, high poverty levels, food insecurity, lack
of access to information and limited resources to prepare for and
cope with the impacts of cyclones (e.g., [6,30,32]). The coping
strategies of smallholder farmers to climate shocks and longer term
adaptation plans are often place-speciﬁc and adapted to local cir-
cumstances [8]. Consequently, detailed information on how small-
holder farmers in particular landscapes are already responding to
climate shocks is needed to inform the development of strategies
and policies to their vulnerability to climate shocks and to enhance
their adaptive capacity [4].
In Madagascar, smallholder farmers are known to be at great
risk from cyclones [19], but to date there have been no studies on
the speciﬁc impacts they experience and how they cope with these
impacts. An estimated 71% of Malagasy farmers are small-
holders [23,29], with a national average upland rice area per
farmer of only 1.28 ha [54]. Most Malagasy smallholder farmers
practice subsistence farming, depending on agriculture both for
food security and for household income, and are seasonally food
insecure [5,13,14,19,37]. Most smallholder farmers are also ex-
tremely poor, with an estimated 87% of smallholder farmers falling
below the national poverty line [23]. As a consequence, Malagasy
smallholder farmers are extremely vulnerable to extreme weather
events that reduce agricultural productivity or cause crop loss.
The overall objective of our study was to understand how
Malagasy smallholder farmers prepare for and cope with the im-
pacts of cyclones, using a case study of how smallholder farmers
reacted to cyclone Giovanna that hit Madagascar in February 2012.
Cyclone Giovanna was a category ‘4′ cyclone (on the Safﬁr-Simp-
son Hurricane Intensity Scale of 1–5, where 1 is the weakest and
5 the strongest [27]; with winds of up to 269 km per hour and a
total of 355.6 mm of rainfall occurring over three days [18]. The
cyclone is known to have affected at least 246,000 people,
destroyed 444,000 houses, damaged 427,000 houses anddamaged at least 12,517 ha of agricultural land across Madagascar,
but the real impact was likely greater given that information on
impacts was only reported by 250 of the 697 municipalities in
Madagascar [7]. We conducted surveys of 200 farmers to: a) ex-
plore how farmers prepared for cyclone Giovanna and how ef-
fective their preparations were in reducing vulnerability; b)
document the speciﬁc impacts of the Giovanna cyclone on agri-
cultural production and farmer livelihoods (including impacts on
income, health, housing and food security); and c) examine how
farmers coped with the impacts of cyclones on their farming
systems and livelihoods and how effective these coping strategies
were in reducing their vulnerability.
While there are existing government assessments of the overall
impacts of individual cyclones (including cyclone Giovanna) at the
district, regional and national levels [7,17], to our knowledge, this
is the ﬁrst study in Madagascar to collect detailed household-level
data on the speciﬁc impacts of cyclones on smallholder farmers
and to examine the coping strategies used by farmers to deal with
these impacts. Our study provides unique insights into how
smallholder Malagasy farmers are affected by cyclones and high-
lights key measures which could be incorporated into Mada-
gascar's National Action Program for Adaptation to Climate Change
for Agriculture (PANA), the National Strategy for Risk Management
(SNDRM; [50]), the National Action Plan for Food Security (PAN-
SA), and the Poverty Reduction Strategy, among other national
strategies. Our results also provide valuable information for donors
and development agencies interested in improving food security,
alleviating poverty, and reducing the overall vulnerability of Ma-
lagasy smallholder farmers to climate change. In addition, our
study illustrates the complexity of addressing smallholder farmer
vulnerability to extreme weather events, an issue which is relevant
to other cyclone-prone developing countries (e.g., [3,10,32]).2. Materials and methods
We examined how smallholder farmers prepared for and re-
sponded to cyclones in two agricultural landscapes located along the
eastern escarpment of Madagascar – the Ankeniheny Zahamena
Corridor (CAZ) and Nosivolo, both of which were signiﬁcantly im-
pacted by cyclone Giovanna (Fig. 1). The CAZ landscape is located
adjacent to the Ankeniheny Zahamena forest, one of the largest re-
maining rainforests in Madagascar, while Nosivolo is a riverine pro-
tected area located further south in the District of Marolambo. Both
landscapes are characterized by a mix of agricultural land, re-
generating forests (from slash and burn) and remnant forests, and
are inhabited by smallholder farmers who typically cultivate less
than 2 ha of land ([19]; Table 1). The traditional and most common
agricultural practice in both sites is the use of slash and burn (‘tavy’)
for rice production for home consumption [39,43]. Other crops
grown in tavy areas include cassava and corn. In the lowland areas of
each site, farmers also grow irrigated rice and cash crops. Some
farmers also raise poultry on a small scale or produce charcoal for
sale to urban areas. Most farmers in the region live below the na-
tional poverty line, are food insecure for several months per year [19]
and have large families. Their houses are constructed of local mate-
rials such as timber, mud bricks and the bark or leaves of Ravenala
madagascariensis and Raphia ruffa [19]. Both areas are remote and
have poor road infrastructure. Roads in Nosivolo are only accessible
during the dry season. In CAZ, only the southern and western parts of
the landscape are accessible by road year-round.
In order to assess the impacts of cyclone Giovanna on farmer
livelihoods, we randomly selected a total of 10 selected commu-
nities (7 in CAZ and 3 in Nosivolo) from a list of areas which had
been impacted by the cyclone. We surveyed more communities in
the CAZ region than in Nosivolo because distinct regions of CAZ
Fig. 1. A map showing (a) the location of Madagascar; (b) the pathway of the Giovanna cyclone across Madagascar in February 2012 (with date and time of landfall
indicated), and (c) the location of the villages in the two study landscapes (CAZ and Nosivolo) where the impacts of cyclone Giovanna on smallholder farmers were
examined.
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sivolo, all communities were signiﬁcantly impacted by the cyclone.
In each of the ten villages, we randomly selected 10 households
from a list of smallholder farmers and interviewed the wife and
spouse in the same household (i.e., 200 people total, 100 men and
100 women). We interviewed both men and women because we
were interested in seeing if men and women prepared for and/or
responded differently to the cyclone. In cases where the head of
the household was a woman, we also interviewed the most senior
man in the same household.
The semi-structured survey was designed to collect informa-
tion on farmer perceptions of the intensity of the cyclone, the
impacts of the cyclone on their livelihoods, the preventative
strategies used by farmers to prepare for the cyclone, the coping
strategies used, and the support they received prior to and fol-
lowing the cyclone. All interviews were conducted inside or out-
side of the farmers’ house and typically lasted 45 min. Male in-
terviewers were responsible for interviews with the household
head, while the women were interviewed by female interviewers.
All household surveys were conducted in March, 2012, within a
month after cyclone Giovanna hit. After each individual survey, we
veriﬁed the data collected in each village through focal groupdiscussions. All data were analyzed using descriptive statistics.
Since responses from men and women were not statistically dis-
tinct, our summary statistics include answers from both men and
women farmers (n¼200 farmers).3. Results
3.1. Preventative strategies used by farmers
Farmers undertook a variety of preventative actions to reduce
the impact of cyclone Giovanna on their households (Table 2).
Seventy percent of the farmers stored clean water to use following
the cyclone. Other less common strategies included securing the
roof with sandbags, storing food to ensure the family had food to
eat following the cyclone, and moving rice seeds stored on the
ﬂoor of their homes in plastic bags onto the table to ensure they
would not be damaged by ﬂoods. Only 22% of farmers moved li-
vestock to more secure locations (e.g., higher ground or inside
home). Less than 20% of farmers sought refuge in churches,
schools or other buildings. On average, farmers implemented a
mean of 1.9 preventative actions each.
Table 1
Biophysical and social characteristics of the landscapes where the impacts of cyclone Giovanna on smallholder farmers were explored. Data on population size are from
2007/2008 and represent the most recent census information [29]. Data on farm size, family size and main crops are based on Harvey et al. [19], while data on poverty levels
come from INSTAT [23].
Characteristics Variable Ankeniheny Zahamena Corridor (CAZ) Nosivolo
Landscape
characteristics
Size of study landscape (ha) 382,027 358,511
Total population size 347,520 70,694
Total number of villages 493 47
Villages surveyed (population size) Ambatohambana (846) Ambatoharanana (480) Ambinanisa-
havolo (211) Ambohimarina (450) Seranantsara (46) Andro-
ﬁa (100) Sakalava (100)
Vohitromby II (1613) Ambatomasina
(483) Mahadio (821)
Farming systems Farming systems Slash and burn agriculture in highlands; irrigated agriculture
in lowlands
Slash and burn agriculture in high-
lands; irrigated agriculture in
lowlands
Subsistence crops Rice, corn and cassava Rice, corn and cassava
Cash crops Ginger, cloves, coffee. white beans and bananas Cloves, coffee, white beans and
bananas
Percent of households who have agri-
culture as main source of income
99 99
Percent of farmers who cultivate less
than 2 ha of land
77 91
Farmer characteristics Mean family size (7SE) 5.4 7 2.1 5.6 7 2.5
% of families who do not produce en-
ough food to feed their families during
the entire year
75 70
% of population that is under the na-
tional poverty line
72 89
Table 2
Actions taken by smallholder farmers to reduce the impact of cyclone Giovanna on
their homes, agricultural production and families in the Ankeniheny Zahamena
Corridor and Nosivolo, Madagascar. Numbers represent the percent of farmers who
implemented a particular action.
Goal Preventative actions Percent of
farmers
To protect homes Secured roof 43
Secured windows and doors 3
Put up posts to support walls 6
To protect family
members
Sought shelter (e.g., in a church or
school)
18
Moved family (children) to another
region
13
Ensured that the family had sufﬁ-
cient food reserves
37
To ensure food and wa-
ter security
Stored food in a place where it
would be protected from ﬂoods
32
Stored clean water for use follow-
ing the cyclone
70
To protect agricultural
production
Stored rice seeds in a dry location
to prevent damage from ﬂoods and
rain
19
Moved livestock to higher ground
or safe location
22
Table 3
Farmer perceptions of the level of damage and impacts caused by cyclone Giovanna
in the Ankeniheny Zahamena Corridor and Nosivolo, Madagascar. Numbers re-
present the % of farmers reporting a given level of damage. Damage levels are
subjective categories identiﬁed by farmers, rather than quantitative damage levels.
Types of impacts Levels of damage incurred
No damage Minimal Moderate Strong
Flooding 12 4 25 59
Damage to houses 3 9 33 56
Damage to schools and churches 13 11 21 57
Damage to roads 13 13 39 36
Crop damage 1 1 18 81
Injury or death of livestock 27 18 32 24
Injury of people 95 3 2 1
Availability of non-timber forest
products from forest (e.g., honey,
wild yams)
27 18 32 24
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structure and farmer livelihoods
A majority of farmers (87%) indicated that Giovanna was the
strongest cyclone in the last decade and had signiﬁcantly impacted
their livelihoods. According to the farmers, Giovanna had a ‘strong’
impact on crop loss (81% of all farmers reported losing crops),
ﬂooding (59%), schools and churches (57%), houses (56%) and roadinfrastructure (36%; Table 3). Cyclone damage to infrastructure
was signiﬁcant: more than 80% of farmers suffered damage to their
houses, such as collapsed or damaged roofs, or damaged walls, and
18% of farmers reported that their houses had been completely
destroyed. Farmers indicated that the houses which were most
damaged by the cyclone were those made of Ravenala and houses
located in hill slopes or near rivers. Damage to public infra-
structure was also signiﬁcant: most local schools, churches and
markets were closed for repair for one or more weeks following
the cyclone. The direct impacts on livestock and injuries to people
were considered less severe. The cyclone also affected the avail-
ability of non-timber forest product such as honey and wild yams
that farmers regularly extract from forests, by destroying vegeta-
tion and making it difﬁcult for farmers to access the forests.
Cyclone Giovanna had particularly negative impacts on agri-
cultural production and household food security. Almost 90% of
farmers indicated that their rice ﬁelds were damaged by the cyclone
(Table 4). The level of damage was variable, with some farmers
Table 4
Farmer assessments of the impacts of cyclone Giovanna on agricultural production,
food stores and household food security in the Ankeniheny Zahamena Corridor and
Nosivolo, Madagascar.
Variable Response % of
farmers
Percent of farmer's rice crop ﬁelds damaged by
cyclone
None 5
o25% 10
25–50% 21
50–75% 22
475% 38
Location of rice ﬁelds which were most affected
by the cyclonea
Valley 22
Floodplain 9
Hill slope 20
All 49
Percent of farmers whose stored grains were
damaged by the cyclone (n¼200)
70
Percent of stored grains that were damaged by
the cyclone (n ¼140)
o25% 24
25–50% 20
50–75% 18
475% 39
Percent of farmers with insufﬁcient food to feed
their families following the cyclone (n¼179)
89
Percent of months that households lacked suf-
ﬁcient food to feed their households follow-
ing the cyclone (n¼178)
2 months 3
3–5 months 38
46 months 47
a Percentages do not add to 100 for this question as farmers mentioned mul-
tiple locations as being affected.
Table 5
Impacts of cyclone Giovanna on water availability and health of smallholder
farmers in Corridor and Nosivolo, Madagascar.
Impact Percent of
farmers
Lacked access clean drinking water
after the cyclone (n¼129)
35
Type of available water source for
drinking and cooking, following the
cyclone (n¼132)
A public standpipe
with tap
12
A public standpipe
without tap
20
A standpipe with/
without a pump
7
Well 10
Rivers 36
Lake or pond 5
Other (stream,
rainfall)
11
Suffered diseases in the last month
following the cyclone (n¼200)
66
Health problems reported following
the cyclone (n¼130)
Diarrhea 54
Cholera 2
Other (ﬂu, cough,
malaria)
45
Table 6
Coping strategies used by smallholder farmers in Nosivolo and CAZ, Madagascar, to
deal with damaged crops, increased food insecurity and income loss due to cyclone
Giovanna.
Issue Coping strategy used Percent of
farmers
Damaged agricultural lands
(n¼196)
Replanted ﬁelds 70
Waited to replant in the next
season
27
Abandoned ﬁelds 3
Changed the type of crops 1
Food insecurity (n¼187) Bought additional food 85
Reduced food consumption of
staple foods(quantity or fre-
quency of meals)
82
Harvested wild food 40
Received food from relatives 16
Received food from neighbors 10
Received food aid from gov-
ernment and NGOs
5
Income loss and additional
costs associated with cyclone
damage (n¼189)
Sent an adult household
member to get an outside job
51
Borrowed money from friends 11
Made children work more on
the farm
8
Sent older children away to
work
7
Took boys out of school 3
Took girls out of school 3
Leased land to other farmers 1
Took out a loan 1
Z.L. Rakotobe et al. / International Journal of Disaster Risk Reduction 17 (2016) 114–122118reporting that they lost less than 25% of their crop, while others re-
ported losses of more than 75%. The location of rice ﬁelds in the
landscape appeared to have little impact on the damage sustained.Roughly half of the farmers also lost stored grains to the cy-
clone (Table 4). For many farmers the loss was signiﬁcant: 39% of
the farmers who had stored grains lost more than three quarters of
their stored food supplies to the cyclone. As a result of crop da-
mage and the loss of stored grains, 89% of farmers indicated that
their household did not have sufﬁcient food to meet their current
needs. Thirty eight percent of the farmers indicated they lacked
sufﬁcient food for 3–5 months following the cyclone, while an
additional 47% indicated they would lack food for 46 months.
The cyclone also had signiﬁcant impacts on the availability of
clean drinking water and farmer health. Approximately three
quarters of the farmers did not have access to a clean drinking
water following the cyclone, as the rivers, streams and wells
where they collect water had mud and debris. As a result, most
waterborne diseases, such as diarrhea, were common in the
month following the cyclone (Table 5).
3.3. Coping strategies used by smallholder farmers
Farmers coped with adverse impacts of cyclone Giovanna on
agricultural production, food security and income loss/increased
costs in several ways (Table 6). Most farmers (71%) replanted crops
in the ﬁelds that had been damaged, however a subset of farmers
(27%) decided not to replant until the next season and 3% of
farmers abandoned their crop ﬁelds due to ﬂooding and siltation.
Restoring ﬂooded croplands and replanting crops was time con-
suming: 49% of the farmers indicated that they would have to
spend more than one month replanting ﬁelds that had been da-
maged by the cyclone.
Farmers coped with the food insecurity caused by the cyclone
by reducing food consumption, buying additional food and re-
ceiving food aid from neighbors or relatives (Table 6). Only 5%
received food aid from the government. In addition, more than
Z.L. Rakotobe et al. / International Journal of Disaster Risk Reduction 17 (2016) 114–122 119half of the farmers reported sending an adult household member
to get a temporary outside job to generate income to buy food and
pay for necessary expenses. Other, less common, strategies for
increasing household income included borrowing money from
friends and making children work more on the farm.
Almost all farmers had to rebuild or repair their homes fol-
lowing the cyclone. In most cases, farmers collected materials
(timber, Raphia, Ravenala, etc.) directly from the forest to rebuild
their homes, or bought these materials from other farmers who
had collected these materials in the forest and had carts to
transport the materials from the forest to the village. In addition, a
subset of farmers had to buy additional materials (especially wood
and nails, but, in a few cases, also tin roofs, cement, and concrete)
to rebuild their homes. The total costs of local materials for re-
building the houses varied across farmers, with an estimated mean
of 50,000711,519 Ariary (or 2575.8 US dollars). Farmers paid for
these costs by selling crops (35% of farmers), performing off-farm
labor (25%), selling small livestock (24%), using savings (18%), or
selling other assets (13%) such as radio sets or sewing machines.
Less than 8% of farmers borrowed money or took out a loan to
cover these costs. All farmers reported relying on their extended
families and, to a lesser degree, on friends and neighbors (30%) to
help them collect local materials and providing labor to rebuild
their houses, with rebuilding taking anywhere from a couple of
days (31% of farmers) to more than a month (28% of farmers) for
those farmers who have houses made of cement or bricks. Only 5%
of the farmers received any food, building materials or ﬁnancial
support from formal organizations.
Farmers identiﬁed several strategies which could have helped
reduce the impacts of cyclone Giovanna on their livelihoods. These
approaches included building sturdier houses (mentioned by 95%
of farmers), storing more grains prior to the cyclone (84%), pro-
tecting livestock (76%) relocating to the shelter earlier (67%),
moving temporarily to another location (49%) and selling stored
crops prior to the cyclone (34%).4. Discussion
4.1. Impacts of cyclones on livelihoods of smallholder farmers
Our study highlights the devastating impacts that cyclones can
have on the livelihoods of smallholder farmers in Madagascar and
the urgent need to help these farmers better prepare for and cope
with these impacts. While previous studies in Madagascar have
documented the overall damage (e.g., numbers of houses, roads and
bridges destroyed and area of crops lost) and costs of cyclones at the
national or regional scale [7], this is the ﬁrst study to our knowledge
to examine in detail how Malagasy smallholder farmers prepared for
the cyclone, how their livelihoods were impacted, and how they
coped with these impacts. Our study suggests that cyclones pose a
signiﬁcant challenge for Malagasy smallholder farmers, causing sig-
niﬁcant damage to crop ﬁelds, loss of stored grains, damage to
houses, increased food insecurity, reduced access to clean water, and
increased incidence of water-borne diseases. In addition to the im-
mediate impacts, cyclones are likely to continue to affect smallholder
farmers for months, possibly years, into the future, as the loss of
agricultural productivity and associated decline in food security and
income generation further exacerbate their already precarious living
conditions. Studies of other cyclone-prone developing countries have
similarly highlighted the impacts of cyclones in exacerbating rural
poverty, stalling rural development, and amplifying the vulnerability
of smallholder farmers who are already poor and vulnerable (e.g.,
[4,16,32]).
Malagasy smallholder farmers are vulnerable to cyclones and
other extreme weather events for a variety of reasons. First,Malagasy smallholder farmers are extremely poor (with most
living under the national poverty line of 468.800 Ariary (234 USD)
per year), rely almost entirely on agriculture for their livelihoods,
and suffer chronic food insecurity even in regular, non-cyclone
years [23,51,53]. The regular ‘lean’ season in Madagascar occurs
between October and March [28] and the majority of farmers lack
sufﬁcient food during this time. In CAZ and Nosivolo, smallholder
farmers are food insecure for an average of 3.7 months per year
[19]. Cyclones tend to hit during the peak of the lean season,
further exacerbating food insecurity and extending the lean season
by several months. When crops are damaged by strong cyclone
winds and associated ﬂooding, farmers are left both without suf-
ﬁcient food and without the means to generate income to buy
food. Since farmers usually have little or no savings, they often fall
in further hardship. These interlinkages between poverty, food
insecurity and vulnerability to climate risks have also been docu-
mented elsewhere (e.g., [25,32]).
Malagasy smallholder farmers are also highly vulnerable be-
cause they lack access to extension and formal support systems
which could help them better prepare for and cope with the im-
pacts of cyclones. Like many remote rural regions in Madagascar,
CAZ and Nosivolo receive little government support and are ser-
viced by few organizations. Farmers in these regions rarely receive
any technical support for agricultural production [19] or disaster
relief following cyclones While other more accessible regions re-
ceived emergency support such as food, building materials and
essential supplies from both the national government and disaster
relief organizations (e.g., CARE International and Catholic Relief
Services) following cyclone Giovanna [7], farmers in CAZ and No-
sivolo received no support in the month following the cyclone's
devastation. This lack of formal support reﬂects the remote loca-
tion and poor road infrastructure of the study sites, as well as the
limited resources and capacity of the Malagasy government to
respond to natural disasters. During the recent political crisis
(2009–2014) in Madagascar, most donors froze their development
aid to the country resulting in an estimated 600 million euros (824
million USD) loss [51]. As a result, the Malagasy government now
has even less money available for disaster relief efforts [11].
4.2. Strategies for reducing impacts of cyclones on smallholder
farmers
4.2.1. Reducing the vulnerability of smallholder farmers and en-
hancing resiliency
In Madagascar, reducing the impacts of cyclones on small-
holder farmers will require addressing three key and interrelated
issues. First, there is a need to reduce the inherent vulnerability of
smallholder farmers by improving their living conditions, food
security and access to basic services. This is a daunting challenge
given high levels of poverty and food insecurity among farmers,
limited government resources for addressing poverty and food
security issues, poor road infrastructure, limited capacity and re-
sources for disaster relief and adaptation efforts [7,23,53,54].
Major investments are urgently needed to improve health services,
infrastructure, education, and housing, alleviate poverty, improve
food security, provide extension services to farmers and promote
the development of livelihood options that are resilient to climate
change [5,37,53]. Studies of smallholder farmers elsewhere (e.g.,
[6,9,32]) have similarly highlighted the urgency of reducing the
underlying vulnerability of smallholder farmers to climate change
by tackling poverty and food insecurity, fostering resilience to
climate change shocks, developing social safety nets and main-
streaming climate adaptation into rural development initiatives. In
particular, the provision of agricultural extension services to
farmers to help enhance agricultural productivity, diversify their
income generating activities and encourage the adoption of
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ability to cyclones and other climate risks [4].
4.2.2. Enhancing farmer preparedness for cyclones
Second, there is an urgent need to help smallholder farmers
prepare for upcoming cyclones by providing them with more de-
tailed, advance information about incoming cyclones, and about
the precautionary measures they should take to minimize poten-
tial cyclone impacts. In Madagascar, the Meteorological Service is
in charge of providing cyclone warnings to the national broad-
casting company, who then announces this information to the
public. While most of the smallholder farmers in our study sites
heard about cyclone Giovanna from the National Broadcasting
Service of Madagascar, the warning arrived only 1–2 days before
the cyclone struck, giving them little time to prepare [24]. In ad-
dition, most farmers were unaware that this would be the stron-
gest cyclone since 1994 to hit the eastern coast of Madagascar and
did not expect signiﬁcant levels of damage [38]. As a result, the
level of preparation among farmers was low. Earlier and more
detailed alerts are needed to convey the expected magnitude of
upcoming cyclones and to provide speciﬁc instructions to farmers
on how to best prepare. Improving access to better climate in-
formation is known to be an effective means of increasing
awareness of climate risks and helping farmers make informed
decisions about how to prepare for cyclones and other extreme
weather events (e.g., [31,44]).
Additional training and outreach is also needed to help ensure
farmers adequately prepare for cyclones and implement adaptation
measures that help reduce their overall vulnerability to climate
risks. Madagascar's National Strategy for Reducing Risks and Dis-
asters [50] recommends that farmers prepare for cyclones by stor-
ing enough food and clean water for the duration and immediate
aftermath of the cyclone, securing homes and other assets to
minimize potential damage, and seeking refuge in secure buildings
to prevent human injury and death, however many farmers did not
follow these instructions and were therefore unprepared when
cyclone Giovanna arrived. Finding ways of preventing damage to
houses is a particular challenge. While many farmers secured their
roofs in preparation for the cyclone, more than 80% still suffered
signiﬁcant damage to their homes. It is well known that concrete or
brick houses are less likely to be damaged by cyclones, but few
smallholder farmers are able to afford them. In addition, in focal
group discussions farmers indicated that they prefer the tradition-
ally Raphia and mud homes because although they are more likely
to be damaged by cyclones, they can be easily repaired using local
materials collected from the forest and therefore cost less to rebuild.
Encouraging farmers to seek shelter in churches, schools and other
sturdy building is also challenging, as farmers are reticent to leave
their homes and move to shelters for fear of having their household
possessions stolen while they are gone [41].
There are a number of other actions that could also help
minimize potential impacts on smallholder livelihoods and farm-
ing systems. For example, farmers should ensure that any stored
seeds or harvested crops are carefully protected from wind or
ﬂooding damage by storing them in waterproof bags or re-
ceptacles, and moving them out of the path of potential ﬂooding.
Most farmers store seeds in plastic bags on the ﬂoor of their
homes, so simple actions such as ensuring the bags are waterproof
and placing them high on the family table or storing seeds in
waterproof containers could prevent unnecessary seed loss.
Community granaries could be strategically located in less exposed
areas to allow storing grains in safety. Farmers should also ensure
irrigation channels and drainage ditches are well maintained to
minimize ﬂooding of crop ﬁelds, and, where necessary, dig addi-
tional ditches in anticipation of the cyclone to divert ﬂood waters.
Restoring riparian areas along rivers, reforesting upland slopes andenhancing vegetative complexity within ﬁeld could also help re-
duce ﬂooding from cyclones [21,35]. It is also critical to conserve
the remaining forest areas in the agricultural landscapes, as forests
serve a key safety nets for smallholder farmer's following cyclones,
providing them with emergency food supplies and building ma-
terials for home reconstruction [19].
4.2.3. Creating formal safety nets for smallholder farmers
Finally, there is a need for formal safety nets (e.g., government
programs, development organizations, disaster relief agencies,
etc.) which can provide farmers with emergency food aid, credit or
money for meeting their immediate food needs, materials for re-
building homes, and seeds, tools and other agricultural inputs for
replanting their crops. These formal safety nets should also pro-
vide access to clean water supplies immediately following the
cyclone and help clean the stagnant water in wells following cy-
clones to avoid them serving as breeding grounds for mosquitoes
and other disease-spreading insects [40]. Malagasy farmers cur-
rently rely almost exclusively on extended families and neighbors
for support, but these informal networks are incapable of miti-
gating the substantial impacts of cyclones on local livelihoods.
More formal and better ﬁnanced disaster relief programs and in-
stitutions could signiﬁcantly help reduce both the immediate and
long-term effects of cyclones on local communities. Better access
to agricultural extension services will also be key for improving
farmer knowledge and use of adaptation strategies (such as im-
proved management of soil and water resources, timing of crop
planting, etc; [3,4,31]) that could help minimize the impacts of
future cyclones on farming systems. Improving access to formal
support networks and extension services is a necessary step for
breaking the vicious cycle of poverty, food insecurity and vulner-
ability that currently entraps smallholder farmers [3,36].5. Conclusions
Our study suggests that cyclones pose a tremendous challenge
for Madagascar's large population of smallholder farmers. Cyclone
Giovanna inﬂicted substantial damage to crops and homes, sig-
niﬁcantly increased food insecurity, and decreased availability of
clean water to smallholder farmers. These impacts exacerbate the
already very high levels of poverty and food insecurity among
Malagasy smallholder farmers. While smallholder farmers have a
wide number of coping strategies for dealing with the aftermath of
cyclones, they still suffer signiﬁcant impacts when cyclones hit
and remain highly vulnerable to future extreme weather events.
There is an urgent need for governments, donors, and develop-
ment organizations to reduce the inherent vulnerability of Mala-
gasy smallholder farmers to cyclones and other climate risks by
improving early warning systems, helping farmers prepare for
upcoming cyclones, creating formal safety nets to help farmers
access food, water and other essential supplies following cyclones,
and promoting the use of adaptation measures to enhance the
resiliency of farming systems to future climate shocks. These ac-
tions are critical for not only for reducing smallholder vulnerability
to cyclones and other climate shocks, but also for tackling the
unacceptably high levels of food insecurity and poverty among
Malagasy smallholder farmers.Acknowledgements
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